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Very thin CoCr films deposited on different underlayers on glass disk substrates were studied by the magneto-optic Kerr 
effect, VSM, torque magnetometcy and TEM selected area diffraction. Square or near square perpendicular loops were 
obtained from Co/Ti, CoCr/Au: CoCr/AI, CoCr/C and CoCr/Si films. TEM SAD study revealed that the crystalline 
structure is a key factor determining the magnetic anisotropy of the very thin CoCr films. In particular, the c-axis of the hcp 
CoCr films which exhibit square perpendicular loops is perpendicular to the film plane whilst that of the CoCr films which 
exhibit a thin and flat perpendicular loop lies in the film plane. The texture of the very thin CoCr films deposited on 
different underlayers i mainly dependent on the structure and texture of underlayers. The relation between the structure of 
CoCr and its underlayers i discussed. 
1. Introduction 
There is a considerable current interest in the 
effect of underlayers on the magnetic properties 
of both perpendicular and longitudinal magnetic 
recording media [1,2]. In a previous paper [1] we 
have reported on the magnetic properties of very 
thin CoCr films deposited on Ti underlayers. 
Very pronounced effects of Ti underlayers on the 
shearing and the squareness ratio of the perpen- 
dicular loops have been observed in such CoCr 
films. In order to understand the origin of the 
underlayer effect, further experimental investiga- 
tion into the microstructure, micromagnetics and 
magnetic properties of these films have been un- 
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dertaken. We report here on a detailed experi- 
mental programme of magnetic measurements to-
gether with microstructural examinations by TEM 
of the 160 A thick CoCr films with different 
underlayers. 
2. Experimental details 
Very thin CoCr films were deposited on differ- 
ent underlayers or directly on to glass disk sub- 
strates. The film thickness was measured by a 
talystep and a Scanning Auger microprobe 
(SAM). The Cr content of the CoCr films is 23 
at% by Auger. T~,e magnetic properties of the 
CoCr films were studied using a magneto-optic 
Kerr effect (MOKE) sy'~stcm, a,vibration sample 
magnetometer (VSM) and a torque magnetome- 
ter. The film structure and crystal orientation 
0304-8853/92/$05.00 © 1992 - Elsevier Science Publishers B.V. All rights reserved 
22 G. Patl ('t al. / Veo" thin CoCr fihns deposited on different umh'rlayers 
8o A co Cr ....=..~2:=':::;-" . . . . .  
160 .~ CoCr , , " ~ 4  
]/--- - -  _- 
/ 
1600/k CoCr ;,Y~ 
-400 -200 0 200 400 
field ( kA/m ) 
Fig. 1. Perpendicular MOKE loops of different thickness 
CoCr films with and without Ti underlayers ( olid and dashed 
line respectively). Vertical axis is in arbitrary units. 
were investigated by selected area diffraction 
(SAD) on a JEOL 2000FX TEM. For the prepa- 
ration of TEM specimens, glass disk substrates 
were precoated with carbon films before the de- 
position of underlayers and the CoCr films them- 
selves. The films were then floated off in water. 
3. Results 
3.1. Magnetic measurements 
Fig. 1 shows the perpendicular MOKE loops 
of  J zcc  . . . .  , , L :~t  . . . . . .  t "~t  "~-  C : l  . . . . . .  : , L  U i lU~l -  U l l l i~ l l~ l l l .  I . I l l E l%. I IE33  L U L l  1111113 ~N[ t l l  Ti . . . .  ~"  
layers (solid line) and without Ti underlayers 
(dashed line). For the 161)(I ,~ thick CoCr films, 
the principal difference of the MOKE loops of 
CoCr films with and withcut Ti underlayers is 
only in the "shoulder" of the loop. As the CoCr 
film thickness reduces, the MOKE loops of the 
CoCr films deposited directly on glass become 
more rounded. On the other hand, the MOKE 
loops of CoCr films on Ti underlayers become 
steeper and squarer. The st,earing of the perpen- 
dicular loops has been discussed in the light of a 
stripe domain model suggested by Weilinga and 
Lodder [3] and a particulate model suggested by 
Chang and Fredkin [1,4]. 
Fig. 2 shows the Ti underlayer thickness effect 
on the perpendicular loops of !60 ,~ thick CoCr 
films, which indicates that the squareness and the 
shearing of the loops are strongly affected by the 
existence of even a very thin Ti underlayer. The 
minimum Ti thickness to obtain a square loop is 
about 250 ,~. 
The perpendicular lvJ-H loops of 160 ,~ thick 
CoCr films without Ti underlayer and with Ti 
underlayer were also measured by VSM and re- 
sults are shown in fig. 3. The square VSM per- 
pendicular loop for the 160 ,~ thick CoCr film on 
Ti and a thin and curved-one for the films with- 
out Ti are in good agreement with the eorre- 
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Fig. 2. Ti underlayer thickness effect on the perpendicular 
MOKE loops of 160 /~ thick CoCr films. Vertical axis is in 
arbitn,~ units. 
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Fig. 3. M-H loops of 160 ,& thick CoCr films with and 
without Ti underlayers measured by VSM. 
sponding MOKE loops, indicating an improved 
perpendicular easy axis behavior of the CoCr 
films gown on Ti underlayers. 
Fig. 4 shows the torque magnetometer plots of 
the 160 A thick CoCr films with and without Ti 
underlayers. Torque curves for both samples were 
initiated with the applied field in the plane of the 
sample. Under this condition, torque curves which 
start at zero degree with negative slope indicate 
an amsotropy perpendicular to the film plane and 
with a positive slope indicate an anisotropy in the 
plane of the films. As shown in fig. 4, the CoCr 
on glass exhibits a typical in-plane anisotropy 
torque curve, while the CoCr film on Ti exhibit a 
near perpendicular nisotropy torque curve. It is 
obvious that the magnetization easy axis of such 
thin CoCr film is dependent on the Ti under- 
layer. 
Further experiment on the very thin CoCr 
films with other different underlayers was under- 
taken and fig; 5 shows the perpendicular MOKE 
loops of 80 A thick CoCr films on different un- 
derlayers. Among them, the 80 A thick CoCr 
films on Ti, Au, AI and C underlayers or directly 
deposited on Si substrate xhibit square or near 
square perpendicular MOKE loops. By contrast 
the CoCr film on a Cr underlayer exhibits a thin 
and flat perpendicular loop. The different height 
of the vertical axis of the loops is believed to be 
caused by the underlayer enhancement [5]. The 
effect of different underlayers on the magnetic 
properties of the initial growth layer of CoCr 
films can be clearly seen from this figure. 
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Fig. 4. Torque curves of 160 ,~ thick CoCr films with and without Ti underlayers. 
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Fig. 5. Perpendicular MOKE loops of 80 ,~ thick CoCr films depo~;ited on different underlayers, the Y axis is in arbitrary units, but 
in the same scaling. 
3.2. Film rnicrostructure and texture 
In order to understand the structural origin of 
the underlayer effect, the CoCr films and their 
underlayers were studied by observing selected 
area diffraction (SAD) patterns with the speci- 
men untilted and tilted through 30 ° on a JEOL 
2000FX TEM. 
Let us start with a brief review of the electron 
diffraction techniques for polycrystalline thin 
films [6]. In electron diffraction, only those planes 
which are near parallel to the incident electron 
beam contribute to the diffraction patterns be- 
cause the Bragg angle in electron diffraction is 
very small (less than 1 ° or 2°). 
Fig. 6a is a schematic drawing of a [00.1] 
oriented hcp Co crystal and the SAD pa'tern of 
the [00.1] textural hcp Co films. For such films, 
the main reflection rings are (1]00), (11E0), (2020), 
. . . .  all of which are in the form of {hkiO}. Reflec- 
tion rings of (0002), (01]1) . . . . .  {hkil} (I=~ ~1) 
would not appear. When the specimen is tilted 
through 30 °, the {hkiO} rings break into arcs along 
the diameter parallel to the tilting axis; along the 
perpendicular diameter, arcs such as (0111) ap- 
pear because this plane makes an angle of 28 ° 
with the c-axis. The schematic drawing of SAD 
patterns of the [11.0] and [10.0] textural Co films 
are shown in figs. 6b and c respectively. When we 
observe the SAD patterns of the [11.0] an.d [10.0] 
textural polycrystalline films with specimen tilted, 
it is very ddficult to predict when arcs will occur 
for every family of planes because of the complex 
of angles within each family. However, one of the 
obvious features for su~:h textural films is that the 
(0002) ring will break into arcs along the diameter 
parallel to the tilting axis. 
The experimental resu',ts of the SAD patterns 
of 160 A thick CoCr films on Ti, Cr, C and Cu 
underlayers with the specimen untilted and tilted 
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Fig. 6. Schematic drawing of (a) [00.1] zone axis SAD pattern, 
(b) [11.0] zone axis SAD pattern and (c)[10.0] zone axis SAD 
pattern of hcp Co polycrystalline films. 
through 30 ° arz shown in fig. 7. As mentioned 
above, these TEM specimens were deposited on 
a precoated C layers on glass substrates. How- 
ever, MOKE measurement of these films showed 
simiiar loops to those shown in fig. 5. The SAD 
patterns are indexed in tables 1 to 4. If we 
examine figs. 6, 7 and tables 1 to 4 carefully, the 
following conclusions can be drawn. 
The SAD patterns of the CoCr films on Ti and 
C underlayers with the specimen untilted and 
tilted are as expected from a strong [00.1] textural 
hcp films.The main leflection rings of the Co on 
both patterns are (1700), (11E0) and (2020)when 
untilted. Diffraction rings of the form (000/), 
where 14: 0, are not seen. When the specimen 
was tilted through 30 °, the (1700), (1120) and 
(207.0) rings are broken into arcs along the diame- 
ter parallel to the tilting axis. Arcs, such as (0111), 
appear along the perpendicular diametei. The 
c-axis of such films is perpendicular to the film 
plane. 
The CoCr on Cr showed a mixed [11.0] and 
[10.0] zone axis patterns. When the specimen was 
tilted, the (0002) ring breaks into arcs. The c-axis 
of such films lies in the film plane. The CoCr on 
Cu has no texture. Reflection rings from all planes 
are present on the SAD patterns. When speci- 
men was tilted, no changes to the pattern could 
be seen. 
The underlayer structure can also be clarified 
from these patterns. The Ti underlayer has a 
Table 1 
Summary of SAD patterns of C/Ti(300 ,~)/CoCr(160 J,) films with specimen untilted and tilted 
Ring Diameter Plane spacing [Pt] Structure hkil Untilted 
measured ASTM 
Tilted 
1 29.0 2.544 2.555 Ti hcp 10]0 medium ring 
2 31.5 2.342 2.342 Ti hcp 0002 medium ring 
3 32.9 2.242 2.243 Ti hcp 01]1 very weak ring 
4 34.0 2.170 2.170 Co hcp 1010 strong ring 
5 38.5 1.916 1.915 Co hcp 0111 invisible 
6 42.9 1.72 1.72 Ti hcp 0112 invisible 
7 50.2 1.470 1.475 Ti hcp 1120 medium ring 
8 55.2 1.337 1.332 Ti hcp 0113 very weak ring 
9 58.6 1.259 1.253 Co hcp 1120 strong ring 
10 67.5 1.093 1.085 Co hcp 2020 very weak ring 
ring & arcs[] 
unchanged 
strong arcs _L 
strong arcs!! 
strong arcs _L 
weak arcs _L 
medium arcs[I 
unchanged 
strong arcs]l 
weak ring & arcsll 
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Table 2 
Summary of SAD patterns of C/Cr(300 ,~)/CoCr(160/~,) films with specimen untilted and tilted 
Ring Diameter Plane spacing [,~] Structure hkil Untilted Tilted 
measured ASTM 
1 34.0 2.170 2.170 Co hcp 10]0 weak ring unchanged 
2 36.2 2.04 2.04 Cr bcc 011 strong ring ring & arcsll 
3 36.2 2.038 2.035 Co hcp 0002 strong ring ring & arcsll 
4 38.5 1.916 1.915 Co hcp 01]1 strong ring ring & arcsll 
5 49.8 1.481 1.484 Co hcp 01"12 weak ring weak arcs 
6 51.0 1.447 1.443 Cr bcc 002 strong ring strong arcs II
7 58.6 1.259 1.253 Co hcp 11~O weak ring unchanged 
8 62.4 1.182 1.178 Cr bcc 112 weak ring medium arcs _1_ 
9 63.8 1.156 1.15 Co hcp 01"[3 weak ring unchanged 
10 69 1.07 1.067 Co hcp 1122 very weak ring unchanged 
11 72 1.02 1.02 Cr bcc 022 weak ring ring 6: arcsll 
Table 3 
Summary of SAD patterns of C/CoCr(160 ,~,) films with specimen untilted and tilted 
Ring Diameter Plane spacing [,~] Structure hkd Untilted Tilted 
measured ASTM 
1 27 2.17 2.17 Co hcp 11310 strong ring strong arcsl[ 
2 28.8 2.034 2.035 Co hcp 0002 faint faint 
3 30.5 1.92 1.915 Co hcp 01]1 faint strong arcs _1_ 
4 46.6 1.257 1.253 Co hcp 11~.0 strong ring strong arcsl[ 
5 53.8 1.089 1.085 Co hcp 2020 medium ring medium arcsll 
6 55 1.065 1.068 Co hcp 1122 faint strong arcs _t_ 
7 61.2 0.957 0.957 Co hcp 0222 invisable weak arcs _1_ 
8 71.6 0.818 0.82 Co hcp 1230 weak ring medium arcsll 
Table 4 
Summary of SAD patterns of C/Cu(300 ,~,)/CoCr(160 ,,~) films with specimen untilted and tilted 
Ring Diameter Plane spacing [,~] Structure hkil Untilted Tilted 
measured ASTM 
1 34.0 2.170 2.170 Co hcp 1070 weak ring unchanged 
2 35.3 2.09 2.087 Cu fcc 111 strong ring unchanged 
3 36.0 2.049 2.038 Co hcp 0002 medium ring unchanged 
4 38.5 1.916 1.915 Co hcp 0111 weak ring unchanged 
5 41.0 1.80 1.808 Cu fcc 002 medium ring unchanged 
6 57.8 1.276 1.278 Cu fcc 022 medium ring unchanged 
7 58.6 1.259 1.253 Co hcp 117-0 medium ring unchanged 
8 68.0 1.085 1.085 Co hcp 207.0 medium ring unchanged 
9 69.4 1.063 1.067 Co hcp 11~2 weak ring unchanged 
10 71.0 1.039 1.044 Cu fcc 222 weak ring unchanged 
preferred hcp [00.1] texture. The C layer is amor- 
phous. The Cr underlayer has a preferred bcc 
[100] texture. The Cu underlayer has a fcc struc- 
ture with no texture. The correlation of the un- 
derlayer structure and the CoCr texture is 
schematically given in fig. 8. 
G. Pan et ~,l. / Veo' thin CoCr fihns deposited on d(fferent underla.w, rs 27 
specimen unti lted specimen tilted 30 ° 
Fig. 7. SAD patterns of 160 .~ thick CoCr films dep,,:~tt:d on Ti, Cr, Cu and C underlayers. 
2~; G. Pan etal. / Veo' thin CoCr films deposited on different underlayer~ 
Ti(hcp) CoCr(hcp)  
  I,OOl] ' , ]  
The h©p 11on C has a preferred The CoCr on 11 hu  a strong 
[00.1] orientation. [00.1] lmxture. 
Cr(bcc) CoCr(hcp)  
CoCr (hcp)  
The C underlayer Is amorphous. The CoCr on C has a sb'ong 
[00.1] texture. 
CU ( fcc )  CoCr (hcp)  
The b¢¢ Cr on C has a preferred The CoCr on Cr has a preferred The fcc Cu on C has a random The CoCr on Cu hem a remdom 
[100] orientation. 111. O] & |10. OI texture, oderda~ion, orientation. 
Fig. 8. Schematic representation f the effect of underlayer structure on the texture on CoCr films. 
4. D'iscussion and conclusions 
In summary, we conclude that the square or 
near square perpendicular loops of the very thin 
CoCr films originate from the improved perpen- 
dicular anisotropy of the films due to their growth 
on appropriate underlayers. Our TEM SAD study 
revealed that the microstructure is a key factor in 
determining the easy axis anisotropy of the very 
thin CoCr films. The c-axis of those hcp CoCr 
films which exhibit square perpendicular loops, 
such as CoCr/Ti and CoCr/C, are perpendicular 
to the film plane. The c-axis of the hcp CoCr 
films which exhibit poor perper, acular loops, such 
as CoCr/Cr, lies in the film plane. 
The texture of the very thin CoCr films de- 
posited on different underlayers i dominated by 
the structure and texture of the underlayers. The 
Ti underlayer which has a preferred hcp [00.1] 
texture encourages the hcp CoCr to grow epitaxi- 
ally into a strong c-axis ~'?xture. The amorphous 
C is another suitable underlayer for the growth of 
[00.1] textural CoCr films.This may be explained 
by the fact that the CoCr film itself has the 
potential to grow into a c-axis texture because its 
(0002) plane has the lowest surface energy [2], 
and the amorphous C underlayer provides a 
free-growth substrate condition for the CoCr. The 
CoCr films on the [100] textural bcc Cr under- 
layer were forced to grow into a mixed [11.0] and 
[10.0] te×ture. This is perhaps due to the bcc [100] 
texture being more suitable for the epitaxial 
growth of hcp CoCr films with c-axis lying in the 
film plane. 
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